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Nucleon elastic and transition form factors are analyzed in the framework of a
collective model of baryons. Effects of meson cloud couplings and relativistic cor-
rections are considered.
1 Introduction
Electromagnetic form factors of the nucleon and its excitations (baryon res-
onances) provide a powerful tool to investigate the structure of the nucleon.
These form factors can be measured in electroproduction as a function of the
four-momentum squared q2 = −Q2 of the virtual photon.
In this contribution we present a simultaneous study of the elastic form
factors of the nucleon and the transition form factors, for both of which there
exists exciting new data1. The analysis is carried out in the framework of a col-
lective model of the nucleon 2. We address the effects of relativistic corrections
and couplings to the meson cloud.
2 Collective model of baryons
In the recently introduced collective model of baryons 2 the radial excitations
of the nucleon are described as vibrational and rotational excitations of an
oblate top. The electromagnetic form factors are obtained by folding with
a distribution of the charge and magnetization over the entire volume of the
baryon. All calculations are carried out in the Breit frame.
2.1 Elastic form factors
In the collective model, the electric and magnetic form factors of the nucleon
are expressed in terms of a common intrinsic dipole form factor2. The effects of
the meson cloud surrounding the nucleon are taken into account by coupling the
nucleon form factors to the isoscalar vector mesons ω and φ and the isovector
vector meson ρ. The coupling is carried out at the level of the Sachs form
1
Table 1: Ratios of helicity amplitudes.
N(1535)S11 A
n
1/2/A
p
1/2 –0.84 ± 0.15
8 –0.81 2 –0.90
N(1520)D13 A
p
3/2/A
p
1/2 –2.5 ± 0.2 ± 0.4
9 –2.53 2 –2.66
factors. The large width of the ρ meson is taken into account according to the
prescription of 3, and the constraints from perturbative QCD are imposed by
scaling Q2 with the strong coupling constant 4.
We carried out a simultaneous fit to all four electromagnetic form factors
of the nucleon and the nucleon charge radii, and found good agreement with
the world data, including the new data for the neutron form factors (square
boxes in Fig. 1). The oscillations around the dipole values are due to the meson
cloud couplings.
2.2 Transition form factors
Recent experiments on eta-photoproduction have yielded valuable new infor-
mation on the helicity amplitudes of the N(1520)D13 and N(1535)S11 reso-
nances. In Table 1 we show the model-independent ratios of photocouplings
that have been extracted from the new data 8,9. These values are in excellent
agreement with those of the collective model 2. In the last column we show the
effect of relativistic corrections to the electromagnetic transition operator. In
Fig. 2 we show the N(1535)S11 proton helicity amplitude. The new data are
indicated by diamonds and square boxes. The effect of relativistic corrections
(dashed line) to the nonrelativistic results (solid line) in the collective model
of 2 is small, and shows up mainly at small values of Q2.
3 Summary and conclusions
We presented a simultaneous analysis of the four elastic form factors of the
nucleon and the transition form factors in a collective model of baryons, and
found good agreement with the new data presented at this conference.
The deviations of the nucleon form factors from the dipole form were
attributed to couplings to the meson cloud which were taking into account
using vector meson dominance. The helicity amplitudes of the N(1520)D13
and N(1535)S11 resonances as well as their model-independent ratios are re-
produced well. The effect of relativistic corrections is small, and shows up
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Figure 1: Nucleon form factors as a function of Q2 (GeV/c)2 : a) Gp
E
/FD from
5, b)
GpM/µpFD from
5, c) GnE from
6 and d) GnM/µnFD from
7; IJL from 3 and GK from 4;
FD = 1/(1 +Q
2/0.71)2 .
mainly at small values of Q2.
In conclusion, the present analysis of electromagnetic couplings shows that
the collective model of baryons provides a good overall description of the avail-
able data.
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Figure 2: N(1535)S11 proton helicity amplitude in 10−3 GeV−1/2 as a function of Q2
(GeV/c)2 . A factor of +i is suppressed. The data are taken from 10.
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